Climie RE, Srikanth V, Keith LJ, Davies JE, Sharman JE. Exercise excess pressure and exercise-induced albuminuria in patients with type 2 diabetes mellitus. Am J Physiol Heart Circ Physiol 308: H1136 -H1142, 2015. First published February 27, 2015 doi:10.1152/ajpheart.00739.2014.-Exercise-induced albuminuria is common in patients with type 2 diabetes mellitus (T2DM) in response to maximal exercise, but the response to light-moderate exercise is unclear. Patients with T2DM have abnormal central hemodynamics and greater propensity for exercise hypertension. This study sought to determine the relationship between light-moderate exercise central hemodynamics (including aortic reservoir and excess pressure) and exercise-induced albuminuria. Thirty-nine T2DM (62 Ϯ 9 yr; 49% male) and 39 nondiabetic controls (53 Ϯ 9 yr; 51% male) were examined at rest and during 20 min of light-moderate cycle exercise (30 W; 50 revolutions/min). Albuminuria was assessed by the albumin-creatinine ratio (ACR) at rest and 30 min postexercise. Hemodynamics recorded included brachial and central blood pressure (BP), aortic stiffness, augmented pressure (AP), aortic reservoir pressure, and excess pressure integral (P excess). There was no difference in ACR between groups before exercise (P Ͼ 0.05). Exercise induced a significant rise in ACR in T2DM but not controls (1.73 Ϯ 1.43 vs. 0.53 Ϯ 1.0 mg/mol, P ϭ 0.002). All central hemodynamic variables were significantly higher during exercise in T2DM (i.e., P excess, systolic BP and AP; P Ͻ 0.01 all). In T2DM (but not controls), exercise P excess was associated with postexercise ACR (r ϭ 0.51, P ϭ 0.002), and this relationship was independent of age, sex, body mass index, heart rate, aortic stiffness, antihypertensive medication, and ambulatory daytime systolic BP (␤ ϭ 0.003, P ϭ 0.003). Lightmoderate exercise induced a significant rise in ACR in T2DM, and this was independently associated with P excess, a potential marker of vascular dysfunction. These novel findings suggest that P excess could be important for appropriate renal function in T2DM.
concept suggests that the measured arterial pressure is the sum of the volume-related reservoir pressure (representing the cyclic changes in aortic volume that occur during systole to store blood, and during diastole to allow for the discharge of blood from the proximal aorta) and excess pressure, a potential marker of vascular dysfunction (6, 24, 35, 36) . Excess pressure integral (P excess ) was recently shown to predict cardiovascular events and mortality above and beyond common cardiovascular risk factors (6) , with the authors suggesting that higher P excess may reflect endothelial and circulatory dysfunction. This opens the possibility that P excess could have an independent mediatory role on cardiovascular-related end organ damage.
Moderate-intensity exercise blood pressure (BP) measured at a fixed intensity has been shown to have stronger prognostic value than resting BP or maximal exercise BP in terms of cardiovascular risk (26) . This is likely because the BP responses to physical activity at moderate intensity are more akin to the chronic BP loading that occurs during normal daily activity (19) . Relative to nondiabetic subjects, patients with T2DM have excessive increases in exercise brachial and central BP (9, 27) , and it has recently been shown (in patients undergoing coronary angiography) that the dominant driver of an increase in central BP during light-moderate exercise is indeed P excess (25) . Most studies examining the association between exercise-induced albuminuria have been at maximal exercise (4, 32, 33) , and only one has shown that albuminuria may be induced by light-moderate treadmill exercise [2.9 -4.3 average metabolic equivalent (MET) achieved during the exercise] in patients with T2DM (15) . However, the relationship between light-moderate exercise central hemodynamics and exercise-induced albuminuria in patients with T2DM is yet to be elucidated. This current study aimed to determine the association between exercise central hemodynamics (including reservoir pressure and P excess ; measured under a fixed resistance to mimic a standard light-moderate exercise intensity of normal daily activity) and exercise-induced albuminuria in patients with T2DM. We hypothesized that, compared with nondiabetic participants, exercise-induced albuminuria would be more pronounced in patients with T2DM and that this response would be independently related to exercise P excess .
MATERIALS AND METHODS

Study Participants and Protocol
Eighty consecutive participants from the local community were recruited via advertisements. The sample included a group of patients who were otherwise healthy but diagnosed with T2DM (n ϭ 40) and a group of nondiabetic control participants (n ϭ 40). Exclusion criteria included pregnancy, arrhythmia, or a clinical history of car-diovascular disease (including coronary artery disease, myocardial infarction, heart failure, or stroke) or severe pulmonary disease. Aortic reservoir data were not available in one patient with T2DM and one healthy participant because of technical difficulties, leaving 39 participants for the final analysis in each group. T2DM was determined by self-report of previous diagnosis by a physician. Hypertension was defined as clinic brachial BP Ն140/90 mmHg, self-reported diagnosis by a physician, or use of antihypertensive medications.
Participants attended the Menzies Research Institute Tasmania on two occasions. Before attendance, participants were asked to abstain from smoking, caffeine-containing products, and consuming heavy meals (i.e., were in a postabsorptive state) for a minimum of three hours. Participants were also asked to avoid heavy exercise and alcohol consumption 24 h before testing. At visit 1, standard questionnaires relating to BP, medical history, and physical activity were completed. The amount of moderate, vigorous, and total physical activity MET minutes per week the participants engaged in was determined as per the international physical activity questionnaire recommendations (5) . Following, anthropometric measures (including height, weight, waist and hip circumference) were obtained, and resting and exercise hemodynamic data were recorded. A baseline sample of urine was provided by each participant (before exercise) and at 30 min postexercise, based on the data of Poortman et al. (21) who demonstrated that significant exercise-induced albuminuria can be detectable at this time point. Brachial and central BP and large artery stiffness measures were taken sequentially at rest and during exercise (semirecumbent) on a bicycle ergometer at a light-moderate intensity in a temperature-controlled room (23 Ϯ 1°C). At visit 2 (within 10 days of visit 1), a blood sample was taken following an overnight fast, and participants were fitted with a 24-h ambulatory BP monitoring (24 ABPM) device (TM-2430; A&D Medical, Sydney, Australia). All participants provided informed consent, and ethical approval was obtained from the University of Tasmania Human Research Ethics Committee.
Renal Function Measures
Urine samples were analyzed for the presence of albumin and creatinine (and their ratio; ACR) by the Royal Hobart Hospital pathology department using standard laboratory techniques as previously reported (14) . Serum creatinine was measured by the isotope dilution-mass spectrometry-aligned technique to allow for the estimation of the glomerular filtration rate (eGFR) by the CKD-Epi eGFR equation. Venous blood samples were taken from the antecubital fossa and analyzed for plasma glucose, glycated hemoglobin (HbA1c), insulin, total cholesterol, high-density lipoprotein, and triglycerides using accredited laboratory techniques.
Central Hemodynamics
Central BP. Following 10 min of semirecumbent supine rest (torso at 45°, head and arm supported), central BP was synthesized using radial applanation tonometry and a validated (both at rest and during exercise) (29) and reproducible (12) generalized transfer function (SphygmoCor 8.1; AtCor Medical, Sydney, Australia). Augmentation pressure (AP) was calculated from the central pressure waveform as the difference in pressure between second and first systolic peaks.
Aortic reservoir and excess pressure. The ensemble-averaged radial pressure waveforms were separated into reservoir and excess pressure using custom MatLab software as previously described (6) . All of the reservoir pressures and excess pressures are presented with diastolic pressure subtracted.
Aortic stiffness. Aortic pulse wave velocity (aPWV) was determined using electrocardiogram-gated hand-held applanation tonometry (SphygmoCor 8.1) in the right carotid-to-femoral arterial segments as previously described (16) . The average of duplicate measures of aPWV captured during rest and exercise was used in the analysis.
Noninvasive hemodynamic monitoring. Cardiac output, stroke volume, and systemic vascular resistance were measured using cardiothoracic bioimpedance (Physio Flow; Manatec Biomedical, Macheren, France), which has been validated (3) and shown to have good reproducibility at rest and during exercise (23) . Five minutes of continuous steady-state monitoring were averaged and analyzed offline for rest and exercise.
Brachial BP
Brachial BP was recorded as the average of duplicate measures taken before central BP measurements and by a validated automatic device (HEM-907; Omron, Hoofddorp, The Netherlands) (7) using an appropriately sized cuff as per guidelines. Exercise brachial BP was measured using a validated mercury-free sphygmomanometer and auscultation technique (UM-101; A&D Medical, Tokyo, Japan) to minimize potential error due to movement artifact.
Exercise Protocol
Following resting measurements, the participant remained in the semirecumbent position, and a bicycle ergometer (Rehab Trainer 881; MONARK Exercise, Vansbro, Sweden) was attached to the end of the bed. Exercise was commenced with two-legged cycling. Participants were instructed to gradually increase cadence until plateauing at 50 revolutions/min. At the same time, resistance was progressively increased to 30 watts, and participants maintained this exercise until a steady-state heart rate was achieved after ϳ2-5 min. This exercise intensity equated to an average of ϳ55% of age-predicted maximum heart rate for all participants. To record all waveforms of sufficient quality during exercise, the tonometry method was modified as follows: once the participants reached a steady-state heart rate, they were asked to increase the revolutions per minute to increase heart rate by ϳ10 beats/min. Once the desired heart rate was reached, the investigator located the carotid or radial arterial pulse, and the participant was instructed to stop pedaling while the waveform was captured; during this time the participant's heart rate had returned to a rate similar to the steady state. During femoral tonometry, once the desired heart rate of 10 beats/min above steady state had been reached, the participants were told to stop exercise and remove their right leg from the cycle ergometer and lay it horizontally on the bed whereupon the investigator recorded the arterial pulse waveform (from the femoral pulse site).
Statistical Analysis
Continuous variables were analyzed using independent t-tests, and categorical variables were analyzed by Chi-square test for independence. To assess the relationships between variables, Pearson's correlations and multivariable linear regression analyses were performed. Independent variables known [including age, sex and body mass index (BMI)] or suspected (24 ABPM daytime systolic BP, antihypertensive medication, blood glucose, HbA1c, aPWV, and heart rate) to contribute to the variance in postexercise ACR were added separately in the regression models, which were performed separately for patients with T2DM and nondiabetic participants. The accuracy of P excess to predict an increase in ACR following exercise was evaluated with the use of receiver operator characteristics. Z statistic scores were calculated to compare the regression slopes obtained from within-group correlations. We also tested for an interaction between T2DM and Pexcess by assessing the coefficient of the product term in the multivariable analysis. All data were analyzed using SPSS for Windows software version 19.0 (IBM SPSS Statistics), and P Ͻ 0.05 was considered statistically significant. We recruited 40 participants for each group based on previous reproducibility work (12) whereby we determined that a between-group difference of 10 mmHg in central systolic BP could be detected in 36 participants/group (␣ ϭ 0.05 and ␤ ϭ 0.20).
RESULTS
Study Participant Characteristics
The study participant baseline characteristics are shown in Table 1 . Compared with nondiabetic controls, patients with T2DM were older and had higher BMI. There was no difference between the groups in 24 ABPM systolic BP, but 24 ABPM diastolic BP was significantly lower in patients with T2DM. Patients with T2DM were more likely to have hypertension and hypercholesterolemia and had significantly higher blood glucose, but significantly lower total cholesterol and high-density lipoprotein cholesterol. Over half of the patients with T2DM were receiving medication for hypertension (mean no. of medications 2 Ϯ 2), hypercholesterolemia, and hyperglycemia. Table 2 summarizes the difference in renal function measures between the patients with T2DM and nondiabetic subjects before and postexercise. Albumin measured before exercise was undetectable in 16 patients with T2DM and 11 nondiabetic participants and in 18 patients with T2DM and 29 nondiabetic patients following exercise. Before exercise, patients with T2DM had significantly lower eGFR (CKD-Epi eGFR) compared with nondiabetic participants, but there was no difference between the groups in all other variables (P Ͼ 0.05 for all). Following exercise, patients with T2DM had significantly increased urinary albumin and ACR compared with nondiabetic participants, and the difference in ACR measured before and postexercise was significantly higher in patients with T2DM. The increase in ACR was due to a slight but nonsignificant decrease from rest to exercise in urinary albumin in patients with T2DM (2.11 Ϯ 2.08) compared with a slightly greater decrease in nondiabetic controls (5.53 Ϯ 3.37, P ϭ 0.32 for between-group difference in change). At the same time there was a decrease in urinary creatinine in both patients with T2DM and nondiabetic participants (2.14 Ϯ 0.14 and 4.29 Ϯ 2.78, respectively, P ϭ 0.06 for between-group difference in change).
Renal Function and Albuminuria
Resting Hemodynamics
Central hemodynamics, including systolic BP, pulse pressure, and AP, were all significantly elevated in patients with T2DM compared with nondiabetic subjects (Table 3) . Peak reservoir pressure, peak excess pressure, and P excess were all significantly higher in patients with T2DM compared with nondiabetic participants. aPWV, heart rate, and cardiac output were all significantly elevated in patients with T2DM; however, systemic vascular resistance was significantly lower compared with nondiabetic participants (P Ͻ 0.05 for all, Table 3 ). Brachial systolic BP, diastolic BP, and pulse pressure were all significantly higher in patients with T2DM (P Ͻ 0.05 for all).
Exercise Hemodynamics
During exercise, central systolic BP, pulse pressure, and AP were all significantly higher in patients with T2DM. Peak excess pressure and P excess were both significantly elevated in patients with T2DM, as were aPWV and heart rate (P Ͻ 0.05 for all, Table 3 ). Additionally, patients with T2DM had significantly higher exercising brachial systolic BP and pulse pressure (P Ͻ 0.05 for all).
Association Between Resting Hemodynamics and Albuminuria (albumin-creatinine ratio)
At rest in patients with T2DM, aPWV was significantly associated with resting ACR (r ϭ 0.39, P ϭ 0.019). After adjusting for covariates (age, sex, BMI, 24 ABPM daytime systolic BP), the relationship between aPWV and resting ACR no longer remained (Table 4 ). There were no significant associations between brachial or central hemodynamics in nondiabetic subjects at rest and resting ACR (P Ͼ 0.05 all).
Association Between Exercise Hemodynamics and ExerciseInduced Albuminuria (ACR)
Following exercise, in patients with T2DM but not nondiabetic controls, exercising central systolic BP (r ϭ 0.33, P ϭ 0.043), P excess (r ϭ 0.51, P ϭ 0.002), peak excess pressure (r ϭ 0.38, P ϭ 0.022), stroke volume (r ϭ 0.40, P ϭ 0.014), cardiac output (r ϭ 0.45, P ϭ 0.005), brachial systolic BP (r ϭ 0.36, P ϭ 0.026), and pulse pressure (r ϭ 0.34, P ϭ 0.035), but not aPWV (r ϭ 0.12, P ϭ 0.45), were significantly associated with postexercise ACR. Additionally, P excess and cardiac output in patients with T2DM were significantly associated with the difference between ACR measured before and postexercise (r ϭ 0.44, P ϭ 0.008 and r ϭ 0.39, P ϭ 0.026, respectively). After adjusting for the same covariates as at rest, the only independent predictor of postexercise ACR in patients with T2DM was P excess (Table 3) . After further adjusting for the use of antihypertensive medication, blood glucose, or HbA1c level, the association between P excess and postexercise ACR in patients with T2DM remained unchanged [␤ ϭ 0.003, 95% confidence interval (CI) 0.001-0.004, P ϭ 0.001]. Adjusting for aPWV or heart rate did not attenuate the association between P excess and postexercise ACR in patients with T2DM (␤ ϭ 0.003, 95% CI 0.001-0.004, P ϭ 0.003 and ␤ ϭ 0.003, 95% CI 0.001-0.004, P ϭ 0.001, respectively), and P excess remained independently associated with postexercise ACR in patients with T2DM after adjusting for exercise systolic BP and also the change from rest to exercise in systolic BP (␤ ϭ 0.002, 95% CI 0.001-0.004, P ϭ 0.002 and ␤ ϭ 0.003, 95% CI 0.001-0.004, P ϭ 0.002, respectively). Furthermore, P excess remained an independent predictor of the change in ACR from before to postexercise. There were no significant associations between postexercise ACR and exercise brachial or central hemodynamics in nondiabetic subjects. Individuals who had a high P excess response during exercise (defined as Ն1,439 Pa/s Data are expressed as means Ϯ SD; n, no. of subjects. P value is for between-group analyses.
which was the median P excess ) were more likely to have T2DM (n ϭ 27 vs. 12, P Ͻ 0.001), were of older age (60 Ϯ 8 vs. 55 Ϯ 10 yr, P ϭ 0.007), had greater BMI (29.2 Ϯ 5.5 vs. 26.2 Ϯ 4.0 kg/m 2 , P ϭ 0.008), and higher blood glucose (6.6 Ϯ 1.9 vs. 5.4 Ϯ 1.7 mmol/l, P ϭ 0.008) and HbA1c levels (6.6 Ϯ 1.0 vs. 6.0 Ϯ 1.0%, P ϭ 0.012) compared with individuals who had an exercise response below the median. A P excess value of 1,227 Pa/s predicted an increase in ACR from rest to exercise with 80% sensitivity and 60% specificity (area under the curve ϭ 0.677; P ϭ 0.019). Z statistic scores were calculated to compare the correlation coefficients of hemodynamic variables and ACR between patients with T2DM and nondiabetic patients. There was a significant difference in the strength of the relationship between exercise P excess and postexercise ACR in patients with T2DM compared with nondiabetic subjects (Z statistic ϭ 2.85, P ϭ 0.007; Fig. 1 ). There was no significant interaction between the groups and P excess in predicting ACR (P Ͼ 0.05 for product term).
DISCUSSION
In this study we have shown that 1) a bout of light-moderate intensity exercise induced a significant rise in ACR only in patients with T2DM; 2) central (not brachial) hemodynamics, specifically P excess , were independently associated with exercise-induced albuminuria in patients with T2DM and, importantly, this association remained after correction for other variables known to be associated with end organ damage, including age, BMI, and 24 ABPM; and 3) the association between P excess and exercise-induced albuminuria was only evident under light-to moderate-intensity exercise, not resting conditions. These novel findings suggest that P excess , a new marker representing vascular dysfunction, may be important for appropriate renal function in patients with T2DM, especially under the hemodynamic load induced by low-level exercise similar to normal daily activities.
Altered Central Hemodynamics, Flow Wave Patterns, and Albuminuria
Several investigations of subjects studied under resting conditions have reported an association between increased aortic stiffness and albuminuria, independent from brachial BP (8, 30, 34) . Observations such as this have led to the hypothesis that stiffening of the large central vasculature enhances transmission of pulsatile pressure (17) and/or flow energy to the peripheral microvasculature, resulting in end-organ injury (28) . Indeed, data from Hashimoto and Ito (11) suggest that increased aortic stiffness may disturb femoral blood flow patterns, first by decreasing the normal diastolic flow reversal thought to be needed for appropriate circulation to the truncal organs, but also by reducing forward flow to the lower extremities. These investigators also demonstrate that femoral flow wave abnormalities are related to adverse renal artery hemodynamics, which in turn explained higher levels of urinary albumin excretion, even after correction for well-known risk factors (10) . In the current study, patients with T2DM had significantly higher aPWV (stiffness) and central pulse pressure, both at rest and during exercise, but neither of these factors was related to ACR. This disparity is probably due to different study designs and patient populations.
In the current study, we found that P excess (specifically measured under the stress induced by exercise) was the only significant predictor of exercise-induced albuminuria in patients with T2DM. Although speculative, a stiffened aorta (as observed in our patients with T2DM) may result in an increase n, No. of subjects. ␤ refers to unstandardized beta coefficient for the independent variable; CI, confidence interval. P value relates to the independent variable in the model. All models were adjusted for age, sex, body mass index, and ambulatory daytime systolic blood pressure. Fig. 1 . Association between albumin-to-creatinine ratio measured postexercise and excess pressure integral (Pexcess) during exercise in patients with type 2 diabetes mellitus (T2DM) (OE; r ϭ 0.510, P ϭ 0.002, n ϭ 39) and nondiabetic participants (; r ϭ 0.220, P ϭ 0.18, n ϭ 39). The correlation in patients with T2DM was stronger than for nondiabetic participants (Z statistic ϭ 2.85, P ϭ 0.007).
in left ventricular work and a subsequent elevation in P excess , ultimately leading to greater transmission of pulsatile stress toward the periphery, which may disrupt renal hemodynamics and induce a rise in albumin excretion. Indeed, when the normal "reservoir" function of the aorta is less than optimal (i.e., because of a reduction in vessel compliance), there must be an increase to left ventricular work and excess pressure to overcome the resistance caused by the stiffened aorta. However, reservoir pressure is influenced not only by aortic compliance, but also by resistance from the peripheral circulation, which probably has greater impact on "discharge" of the reservoir during diastole (24) . Combined with systemic vasodilation (demonstrated in this study by a reduction in systemic vascular resistance in both nondiabetic participants and patients with T2DM during exercise), the increased excess pressure associated with light-moderate exercise may be transmitted with higher energy from the large vessels to the microcirculation. Because P excess is also analogous to flow output into the aorta (35) , our data appear to conform with the "flow hypothesis," which suggests that increased flow pulsation may extend into the renal microvasculature and cause excessive cyclic shear stress and eventual glomerular dysfunction (13, 18) .
Hashimoto and Ito (10) showed that the renal resistive index is inversely associated with renal diastolic flow (and femoral reverse flow) and resulted in reduced renal flow throughout diastole. This may align with the findings of the current study, whereby in patients with T2DM who not only have reduced reservoir function but also higher heart rates (both at rest and during exercise and thus shortened cardiac cycle time; predominantly affecting the diastolic phase), there will be less aortic recoil and discharge of blood from the proximal aorta to the distal vasculature, and thus normal blood flow throughout diastole will be reduced (35) . Our findings support the notion that a reduction in reservoir pressure from rest to exercise in both groups could give rise to a large majority of the arterial pressure wave, which is attributable to P excess as shown previously (25, 35) , and a resultant increase in pulsatile pressure and/or flow throughout systole. Taken together, our findings imply that abnormalities in the aortic reservoir and excess pressure components of the pressure wave, and the relative increase in systolic flow and decrease in diastolic flow, may play a role in impaired renal flow hemodynamics and endorgan damage.
Exercise Central Hemodynamics and Albuminuria
It is worth noting that central hemodynamics (P excess ) measured during light-to moderate-intensity exercise, but not at rest, were related to ACR, and this was independent of BP. To our knowledge, only one study has reported the association between exercise hemodynamics to exercise-induced albuminuria in patients with T2DM, showing that maximal exercise systolic BP was associated with exercise-induced albumin excretion (4, 33) . The rise in norepinephrine that occurs during exercise may partially explain the increase in permeability of the glomerular membrane and increased urinary albumin excretion, a mechanism that may be reversed by sympathetic nerve inhibition (21) . Based on our findings under lightmoderate exercise conditions, it is possible that patients with T2DM with an elevated central BP (and P excess ) response may be exposed to pronounced stress-induced hemodynamic changes during normal daily activity that allow for the transmission of excessive pressure to the microcirculation and ensuing susceptibility toward renal dysfunction. Having said this, the cross-sectional design of this study limits inference regarding causality.
Only one urine sample was taken at 30 min postexercise. The rationale for choosing this time point was based on previous literature showing that there is a significant increase in urine albumin excretion occurring 30 min following exercise (21) , but the lack of multiple urine measures (considered a priori to be less feasible than one discrete sample) could have led to the peak ACR response being missed in some individuals. Multiple urine samples would also have provided more precise information on the integrated (area under the curve) exposure of hemodynamic renal damage from exercise. A further limitation is that all participants, irrespective of their age or disease status, exercised at the same intensity. The reason for using a set resistance protocol was to achieve a fixed light-to moderate-intensity exercise that approximated the intensity regularly achieved during daily activity. This approach is more generalizable to clinical exercise stress testing, which is performed at fixed intensities. Finally, because of the cross-sectional design, we are unable to determine the degree to which chronic exposure to conventional risk factors may explain the abnormal kidney function response to exercise in patients with T2DM.
Summary and Significance
This is the first study to examine the association between exercise central hemodynamics and exercise-induced albuminuria in patients with T2DM. Our findings show that a bout of light-moderate exercise, similar to that of normal daily activity, induced albuminuria in patients with T2DM. Current guidelines for assessing urinary albumin in patients with T2DM suggest avoiding heavy exercise within the 24 h before assessment (2). However, our findings suggest that urinary albumin should be measured well clear of light-moderate physical activity as well, in patients with T2DM. Alternatively, our findings show that the modality of exercise may reveal renal abnormalities in patients with T2DM that are not evident at rest; however, further longitudinal studies are required to confirm this. Additionally, P excess , a marker of possible vascular dysfunction, may be important for appropriate renal function in this population. Given the increased risk of albuminuria and renal dysfunction in patients with T2DM, more work is required to determine the exact underlying vascular mechanism contributing to such abnormalities and the implications of light-moderate exercise before a spot urine test in this population. 
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